The objective of the research was to investigate the influence of pesticides on the desmid flora. Five series of samples were taken between July 5, 2005, and April 6, 2006, for analysis of pesticide content and algal community structure in the São Lourenço River springs on the Pirassununga Ranch, Campo Verde, Mato Grosso. The greatest amounts of pesticides were detected in July, when the abundance of algae was also greatest. Positive correlations were determined between the concentrations of endosulfan (r = 0.94; p = 0.051), cyhalothrin (r = 0.96; p = 0.037) and endrin (r = 0.96; p = 0.037) and the biomass of desmids. Insecticides, such as endosulfan, inhibit the activity of ATPase, contributing considerably to the mortality of the biota, since ATP is of fundamental importance in the energy metabolism of all organisms. This suggests that the pesticides promote algal growth both by removing the small herbivores that feed on the algae and increasing the release of inorganic nutrients from decomposing animals in the water. Algae were least abundance in January, possibly due to the presence of the herbicide atrazine (r = −0.63; p > 0.05).
Introduction
One of the most important tasks of researchers in applied limnology has been to detect and estimate the degree of harm done by each of the great variety of pollutants entering surface waters due to human activities.
Nowadays, more and more concern is shown about the possibility of adverse effects of pesticides on human health and natural ecosystems. Agricultural use of herbicides remains popular, however, because of the direct benefits their application provides, such as increased agricultural yields and reduction of labor [1] .
The concentrations of the majority of pesticides detected in water remain generally low, due to their low solubility and dilution. However, even when their concentrations are low, the pesticides can have harmful consequences for various aquatic species because their harmful ingredients bioconcentrate within the organisms to as much as 1000 times the concentration in the ambient water [2] .
Herbicides can affect the structure and function of aquatic communities by altering species composition of the alga flora. Little is known, however, about the toxicity of herbicides to freshwater green algae [3] . Because of the great importance of algae as nutritional bases of local food webs, this study was undertaken to record obvious impacts of the pesticides used in local agriculture on the algal species that were abundant in the water of an impounded stream leading from a spring in the Brazilian State of Mato Grosso, which is one of the sources of the São Lourenço River. No ecological studies have been conducted in this region, which has been extensively modified for agriculture in recent years.
Surface waters located in intensive agricultural areas are obviously more vulnerable to pesticide contamination. The efficacy of the pesticides is reflected by high levels of acute toxicity on target and non-target organisms [4] .
Nevertheless, only a few studies have been conducted on the ecotoxicological effects of herbicidal compounds on aquatic photosynthetic organisms, including higher plants [5] [6], symbiotic algae [7] , and microalgae [8] . It has recently been concluded that environmentally relevant concentrations observed in the field could be inhibiting the growth and activity of the photosynthetic organisms [9] .
This study was undertaken to chemically analyze water samples taken during different seasonal periods and determine the amounts of the pesticides commonly used on the cultivated fields nearby and assess their influence on the desmid flora in the water at the time samples were taken. The results of the chemical analyses and investigations of the algal fauna could then be used to complete a general seasonal evaluation of the water chemistry and microflora dynamics in the streams and identify possible effects of each pesticide on the algae present. In this way, specific problems that require more detailed investigation in future laboratory studies could be identified.
Initial sampling revealed that the predominant group of green algae at the sampling sites were desmids. This study therefore provides additional information on the distribution and habitat requirements of species in the family Desmidiaceae, which is well represented in the tropical water bodies of Mato Grosso.
Some research methods depend upon the presence or absence of specific biotic communities or indicator organisms to recognize pristine conditions or determine the extent of pollution effects. However, changes in the structure of the biotic community are not always indicative of specific changes in the ecosystem. In multifactorial systems, any one of many conditions may be responsible for changes. The present investigation is therefore meant to focus attention on effects that will require special study.
Objectives

General Goals
The management of catchment areas is complicated when a comprehensive infrastructural network is lacking and established techniques are not employed. The result of these inadequacies is the failure to eliminate agricultural chemical residues from the system, which exposes the environment to their cumulative effects. The data obtained during this study are meant to assist public officials, and especially management and regulatory agencies, to plan and manage the hydrological resources.
Specific Goals
This study was undertaken to test the hypothesis that pesticides contaminate an impoundment near the source of the São Lourenço River in Campo Verde, a municipal district in the state of Mato Grosso, and to determine the alterations in the algal assemblages these residues produce.
The study also elucidates the interactions between microorganisms and their environment in hydrographic basins located in agricultural regions, verifies pesticide contamination of surface waters near cultivated fields in the southern part of the state, and evaluates the effects of the pesticide residues on populations of algae in the surface waters of the study area.
Material and Methods
Study Area
The municipal district of Campo Verde is located in the southeastern part of Mato Grosso, Brazil, about 190 km east of Cuiabá, the capital of Mato Grosso State, at an elevation of 736 m above sea level, according to the WGS84 system. It covers an area of 4744.5 km 2 . Campo Verde has a tropical climate with temperatures usually varying between 18˚C and 24˚C but with extreme absolute minimum and maximum temperatures between 10˚C and 34˚C. Monthly precipitation varies between 9 and 225 mm, with a rainy season lasting from December to May. The vegetation type is predominantly cerrado biome, a dry forest ecosytem, which covers about 97% of the area. The remaining 3% is covered by typical forest.
The Pirassununga Ranch (GPS 15˚37'19.4"S and 55˚10'29.6"W) is located at km 389 along Highway BR70, about 6 km from the center of the town Campo Verde, Mato Grosso (Figure 1) . On this ranch, there is an impoundment which is currently one of the sources of the São Lourenço River, the drainage area of which is in the State of Mato Grosso. This river passes the city of Dom Aquino and discharges into the Pantanal. Springs in the region are fed by water from aquifers that are little influenced over the short term by local rainfall, minimizing the effects of daily weather on the water flow.
In Campo Verde, where one of its sources is located, major erosion carries thousands of tons of sand to the bottom of the river. A few kilometers from the source, near the city of Jaciara, the São Lourenço River already shows major changes. A patchwork of sugar cane and soy bean fields interspersed with pastures for cattle come dangerously close to the river banks. These provide examples of how little people care for the river which gives its name to one of the most prosperous regions of the state, the São Lourenço Valley.
Methodological Procedures in the Field and in the Laboratory
Methods Used in the Field
Five expeditions to the field provided the data for this study. During these expeditions in July, August, and October, 2005, and in January and April, 2006, samples of the algae communities were taken from one of the sources of the São Lourenço River, impounded on the Pirassununga Ranch.
For the analysis of phytoplankton, samples were collected using a plankton net with 38 μm pores, through which 200 l of each sample were filtered. The material collected was fixed in glass flasks and preserved in a transeau solution diluted 1:1, according to the method of [10] .
The following limnological variables were recorded: 1) water temperatures in ˚C and oxygen concentration in mg/L, 2) air temperature in ˚C, 3) pH, and 4) electrical conductivity of the water in µ•S•cm −1 .
Laboratory-Analyses of the Biota and the Pesticides
The Laboratory of Taxonomy and Ecology of Aquatic and Symbiontic Microrganism (LATEMAS) has developed an unpublished volume of protocols, which is routinely employed earlier for analyzing the diversity of the microbiota in samples from inland water bodies. Following these protocols, 25 aliquots of each sample were placed under cover slips on slides and examined under a light microscope. The microorganisms were counted using phase contrast and applying the continuous field technique with an ocular counting grid. Curves were plotted for the number of species against the area of the slide containing 1 mm of sample, according to [11] .
To analyze the pesticides in the water bodies, 500 ml of each water sample were passed through glass fiber filters, after which the pH was adjusted to between 6.5 and 7.5. Each sample was then passed through a cartridge containing 1 g of solid phase C-18 using a vacuum extraction system. The cartridges had been previously condi- tioned by passing 10 ml of methanol and 10 ml of deionized water through the adsorbent. After percolation of the sample, the cartridge was centrifuged for five minutes and then eluted with 10 ml of ethyl acetate, 10 ml of a 7:3 hexane-ethyl acetate mixture, and 5 ml of hexane, which were poured into Erlenmeyer flasks through a glass funnel containing 2 g of anhydrous sodium sulfate on glass wool. Then, 5 ml of hexane was added through the funnel containing the sodium sulfate. To the eluate in the flask, 5 drops of toluene were added, and the mixture was concentrated in a rotary evaporator at 45˚C, 270 mbar, and a rotation speed of 90 rpm, until near dryness. The concentrate was redissolved in toluene, and 50 μg of α-HCH (hexachlorocyclohexane) was added as an internal standard for analysis in a gas chromatograph with mass spectrometer detection [12] .
Climatological Data
The climatological data for each sampling day were obtained courtesy of the Ninth Meteorological District of the Brazilian Ministry of Agriculture (Ministério da Agricultura, Pecuaria e Abastecimento). Therefore, it must be mentioned that the weather station located closest to the sampling area was situated at São Vicente, Mato Grosso, about 60 km far from the study area, where the terrain elevation is 880 m above sea level, and the barometric elevation (Hb) is 800 m.
Results and Discussion
Characterization of the Sampling Area
The strip of land between the shores of the impoundment and the borders of the cultivated fields is about 60 m wide and used as pasture. The sampling area is located a distance of about 100 m from a spring that is one of the sources of the São Lourenço River. This 100 m from the spring to the impoundment is not covered with any kind of vegetation that could form a buffer zone to reduce the visible anthropogenic influence in the region.
Physical and Chemical Data
Changes in phytoplankton community dynamics reflect physical, chemical, and biological changes within the water body.
Surface waters can have a pH between 4 and 9. Sometimes, they become alkaline due to the presence of carbonates and bicarbonates. Microrganisms grow well within the range of 6.5 and 8.5 [13] . The limnological data obtained indicate that at the moment of collection, the pH of the water sampled from the impoundment varied from 5.55 in the fourth sample to 6.44 in the third. These samples were taken during the rainy season and dry season, respectively ( Table 1) .
The concentration of dissolved oxygen (OD) at the location of the study varied from 3.3 to 5.8 mg/L, values obtained during the months of October and April, respectively, always at about 10:00 a.m. Oxygen concentrations can be assumed to have been low due to a major input of organic material into the water course, which istypical in agricultural regions, especially those receiving run-off during rainy periods. This input of organic material can initiate a reduction in the amount of dissolved oxygen, which is consumed to decompose the oxidizable compounds. On the other hand, the abundance of microalgae observed at that location accounts for the restoration of the dissolved oxygen, which demonstrates the importance of these organisms within the system. According to [14] , the dissolved oxygen in each sample may not be below 6 mg/L, and the pH must be in the range from 6.0 to 9.0. The results of this study verify that the ambient conditions determined did not meet the requirements [14] , permitting it to be inferred that the anthropogenic impact in this agricultural environment directly or indirectly affects the quality of the hydrological resources [15] .
In Table 1 , it can be seen that the greatest electrical conductivity, 26.5 μS•cm, was recorded during October. However, the data recorded during the study period did not reveal a seasonal pattern for the conductivity, which confirms the findings of other authors [16] - [18] , based on studies of other water courses in the State of Mato Grosso, since the values obtained for both periods appear similar.
It should be emphasized that, according to [15] , various organic substances can ionize and thereby contribute to elevating the electrical conductivity of the water. According to the same author, rain leaches nutrients and other chemical compounds from the catchment area, increasing the concentrations of dissolved ions in the water and thereby also the capacity of the water to conduct electricity. Considering the declivity of the slope towards the river in the area, this leaching process can explain the seasonal elevation of the electrical conductivity determined during this study. The basic characteristic of tropical lakes and impoundments is a temperature that remains more or less uniform during the course of the year, as observed in Table 1 .
In tropical regions, the temperature does not have a very significant effect on the temporal variations in the phytoplankton, especially in comparison to lakes in the temperate zone, where the seasonal conditions are well defined. Water temperature was highest, with a mean of about 30˚C, during the dry season in the month of August, when air temperatures reach values as high as 39˚C. Analyses by Pearson correlation did not reveal a positive or a negative correlation between the abundance of phytoplankton and temperature differences in the water (r = −0.25; p = 0.74) or in its environment (r = 0.008; p = 0.99), corroborating the findings of [19], who concluded that other factors are the determinants of temporal variations in the phytoplankton.
These authors demonstrated that insolation and precipitation have little influence on the variation in the algal biomass, which was also verified by the present study, although the data presented here do not permit a generalization because the set of samples is too small.
Climatological Data
According to [20] , the temporal variations in the phytoplankton of tropical lakes are controlled by various factors, the most important of which are the availability of nutrients and light beneath the water surface.
In the region studied, the air temperature remained relatively constant, varying from 21.4˚C to 25˚C, except in August, when it was near the maximum temperature of the range, 39˚C. In contrast, the relative humidity varied considerably from 67% to 95%, with its peak during the fifth sampling period ( Table 2) .
The absence of clouds during the month of July might be thought to explain the data recorded for the abun- dance of phytoplankton. However, there was no cloud cover at all during the month of August, as well, but there were no corresponding abundance of algae, indicating that other factors were affecting the occurrence and abundance of the individual algal species recorded. Consideration was given not only to the climatological data obtained at the time of sampling but also to the monthly median average of each variable, except precipitation, during the months each series of samples was collected jointly with INMET at Várzea Grande. Except in October, the month during which the rainy season begins, no precipitation was recorded during sampling.
The sampling series taken during that month was collected on October 7, 2005, when no precipitation was recorded. However, the total precipitation for the month was 205.1 mm, meaning that samples considered to have been collected during the rainy season were also included in the research.
It must be pointed out that the air temperature, relative humidity, cloud cover, and visibility values shown in Table 2 are those obtained at 12 noon at INMET, Várzea Grande, which have been used as the reference data for the day.
Pesticide Concentration in Water
Even though toxic agricultural chemicals could have been responsible for a variety of chronic and acute toxic effects, the microorganisms also have the capacity for metabolizing some of these chemicals [17] .
The data reflect seasonal differences. Analyses of the pesticides revealed that their greatest concentrations were encountered during July. The three kinds present during that month were endosulfan sulfate, lambda cyhalothrin and endrin. It was also determined that the greatest variation in the amounts of pesticides detected occurred during January, although these concentrations were relatively low ( Table 3) . A reduction in the amounts detected was observed during the rainy season, and the lowest values were encountered during the high water period. The low values probably resulted from dilution by the intensive rainfall or the low solubility of the substances in water, as reported by [21] . [14] defines the maximum permissible concentrations of pesticides in the environment, including 2 μg/L for atrazine, 0.004 μg/L for endrin, 0.056 μg/L for endosulfan, and 10 μg/L for metolachlor. During this study, levels for atrazine and metolachlor remained within the limits; however, this does not guarantee their presence is not able to influence some forms of organisms or their habitats.
Concentration of Pesticides in the Water
Abundance of Desmids and the Concentrations of the Pesticides Encountered
The structure of phytoplankton communities, like those of zooplankton, is determined by the growth, reproduc- tion, competition, and predation pressure, together with the physical and chemical conditions, including nutrient and food availability in the environment needed to maintain these activities. The organisms serve as highly refined sensors of the environmental conditions and reflect the dynamics of an ecosystem better than any technological device [22] . It was observed that in July, the month during which the pesticides reach their highest concentrations, the algae become most abundant in the environments investigated (Figure 2) . This can be explained by the fact that the most concentrated pesticides found are inseticides with very little direct influence on algae. According to [17] , the algae are known to be bioaccumulators of pesticides, especially the lipophilic ones that are adsorbed to their cellular membranes by virtue of the natural chemical properties of these cells. Some algae break down various organic compounds into simpler substances through the action of reductases, and also can utilize nitrogen after the pesticide breakdown.
In January, the opposite situation was observed ( Figure 2) ; a great variety of pesticides were detected in the aquatic environment, and the algal populations were notably reduced. It is likely that the presence of the herbicides metolachlor, atrazine, and its metabolite DEA could be responsible for the reduction in the algal populations since they inhibit cellular growth [23] .
Atrazine (C 8 H 14 ClN 5 ) is a triazine herbicide used to control pre-and post emergence broadleaf and grassy weeds on lawns, industrial lands, and among a variety of crops [24] . According to [25] , the presence of the herbicide atrazine reduces the activity of the bacterial and algal populations. From this information, it can be inferred that the activities during this month were influenced by the presence of this pesticide.
Atrazine has been associated with diverse environmental problems, particularly contamination of soils and ground water. [17] reviewed the effects of various herbicides on algae and emphasized the complexity of the responses to these substances. For example, atrazine at concentrations in the aquatic media of less than 10 µg/L brought about a decrease in the algal biomass and, consequently, in its productivity. [26] encountered phytoplankton communities that were inhibited at concentrations of 20 µg/L. [27] reported that the inhibition of nitrogenase by atrazine is probably the first stage of interference with photosynthesis because it impedes nitrogen fixation. There are positive correlations between the concentrations of endosulfan (r = 0.94; p = 0.051), cyhalothrin (r = 0.96; p = 0.037) and endrin (r = 0.96; p = 0.037) and the biomass of desmids. Insecticides, such as endosulfan, inhibit the activity of ATPase, contributing considerably to the mortality of the biota, since ATP is of fundamental importance in the energy metabolism of all organisms. This form of general inactivation of the enzyme has lethal toxicological consequences [28] .
Some of the most widely distributed xenobiotics are pesticides. More than 1000 pesticides are designated for use in the chemical control of agricultural pests. Most of them are classified primarily as herbicides, insecticides, and fungicides. Some of the chlorinated insectides are persistent and remain in the environment for more than ten years after they are applied [29] .
At a United Nations conference in the year 2000, eight pesticides, including endrin, were designated as harm- Figure 2 . Relationship between abundance of algae in the family Desmidiaceae and concentrations of pesticides found in samples from the impoundment on the Pirassununga Ranch, Campo Verde, Mato Grosso.
ful to the environment and to health and prohibited in the signatory nations. During the period before the conference, the maximum concentration for endrin was set at 0.2 µg/L, a level very difficult to monitor [30] . During the present study, an endrin concentration of 0.23 µg/L was recorded during the month of July. Finally, the pesticides are toxic to living organisms and may also accumulate in microorganisms, plants, and animals, including human beings. Some are not easily eliminated from the organisms and can persist for decades. They are resistant to chemical, biological, and photolytic degradation, and can affect the health of human beings and ecosystems, even in small concentrations [31] .
The continued overloading of surface waters in the agricultural region with pesticides necessitates a search for ecological criteria to adequately evaluate the capacity to detect and demonstrate the cargo of pollutants and the tolerance to their effects exhibited by lentic aquatic ecosystems.
The need to conduct analyses on other groups of aquatic organisms must be emphasized, so that a more extensive understanding of the complete functioning of the system and the interrelationships within it can be reached. To develop methods of bioindication, more fundamental studies should be conducted with the goal of determining those factors that can interfere with the system and thereby establish which species can serve as indicators of environmental alterations.
In this context, the taxonomic data provide additional confirmation of the results and, in addition, they demonstrate the relevance of taxonomic studies for biomonitoring. Finally, the ecotoxicological studies cannot be dissociated from taxonomic inventories, principally because of their value for determining the speed at which the harmful environmental impacts occur and induce the progressive loss of biodiversity.
Conclusions
The structure of the biotic communities in the ecosystems investigated is maintained in equilibrium by the forces of natural selection and the physical and chemical characteristics of the environment. This equilibrium may be affected when changes occur in these characteristics due to perturbations caused by the seasonal schedules of the farmers.
In addition to collecting samples from an impoundment in an agricultural region, located near one of the sources of the São Lourenço River on the Pirassununga Ranch in Campo Verde, Mato Grosso, the research focused on the microalga family, Desmidiaceae, and provided the first actual information on the specific effects of the pesticides on the algal flora of the region.
Pesticides were most frequently present in the samples during July, when algae were most abundant. Positive correlations between absolute algal abundance and the concentrations of endosulfan (r = 0.94 and p = 0.051), cyhalotrin (r = 0.96 and p = 0.037), and endrin (r = 0.96 and p = 0.037) were demonstrated.
In contrast, during the month of January, algae were least abundant, which is possibly related to the presence
